統計的逐次決定論における十分性と推移性について(非正則推定論の構造の研究) by 西平, 祐治
Title統計的逐次決定論における十分性と推移性について(非正則推定論の構造の研究)
Author(s)西平, 祐治














(X, $S$) $P=\{P_{\theta;}\theta\in\Omega\}$ (X, $S$)
$\Omega$ $\{S^{(m)}\}$ $S^{(m)}\subset S^{(m+1)}(m=1,2, \cdots)$
$S$ (X, $S,$ $P,$ $\{s^{(m)}\}$ ) (framework)
1.1.
$m=1,2,$ $\cdots$ am $0\leq a_{m}\leq 1\text{ ^{ }S^{(m)}}$- $k$
$\{a_{m}\}$ $\{S^{(m)}\}-\beta\urcorner$ ‘|J (measurable stopping rule)
1007 1997 35-50 35










$(D_{1}, D_{1}..),$ $(D_{2}, D_{2}),$ $\cdots$ $(D_{m}, D_{m})$ $m$
($m\mathrm{t}\mathrm{h}$ terminal decision space) $0$ Borel $D_{m}$
2
1.2.
$m=1,2,$ $\cdots$ $b_{m}=b_{m}(c_{m}, X)$ $D_{m}\cross X$.
$[0,1]$
(a) $C_{m}\in D_{m}$ $b_{m}-(C_{m}, \cdot)$ S(m)-
(b) $x\in X$ $b_{m}(\cdot, x)$ Dm
$\{b_{m}\}$ {S(m)}- IJ (measurable terminal decision rule)
1.3.
$\{S^{(m)}\}$- $\{a_{m}\}$ $\{S^{(m)}\}$- $\{b_{m}\}$ 2






2 $\mu$ $\nu$ $\{S_{0}^{(m)}\}$ $m=1,2,$ $\cdots$




$\{S_{0}^{(m)}\}$ (sufficient sequence) $m=1,2,$ $\cdots$ $S_{0}^{(m)}$ $S^{(m)}$
$P$ $A\in S^{(m)}$ $S_{0}^{(m)}- \mathrm{D}\urcorner$
$\varphi_{A}$
$\theta\in\Omega$
$\varphi_{A}(x)=E_{\theta}[\chi_{A}(X)|S_{0^{m}}^{()}, x]$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$
1.5.




$\{S_{0}^{(m)}\}$ (transitive sequence) $m,$ $B\in s_{0^{m}}^{(+1)},$ $\theta\in\Omega$
$E_{\theta}[\chi_{B}(x)|S^{(}m), x]=E_{\theta}[x_{B}(x)|S_{0^{m}}^{()}, x]$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$ (1.2)
1.7.
(X, $S,$ $P,$ $\{s^{(m)}\}$ ) (regular) $S^{(1)},$ $S^{(2)},$ $\cdots$









(ii) S-P- $f(\cdot)$ $S_{0^{-}}P$- $g(\cdot)$
. $\theta\in\Omega$
$g(x)=E_{\theta}[f(X)|S_{0}, x]$ $\mathrm{a}.\mathrm{e}.(S,P_{\theta})$
(iii) (a) $B\in B_{0}$ $\mu(B, \cdot)$ S-P-
(b) $x\in X$ $\mu(\cdot, x)$ $B_{0}$
$B_{0}\cross X$ $\mu(\cdot, \cdot)$
$(\mathrm{a}’)$ $B\in B_{0}$ $\nu(B, \cdot)$ S0-P-
$(\mathrm{b}’)$ $x\in X$ $\nu(\cdot, x)$ $B_{0}$
$B_{0}\cross X$ $\nu(\cdot, \cdot)$ $B\in B_{0}$ , \theta \in \Omega
$\nu(B, x)=E_{\theta}[\mu(B, X)|S_{0}, x]$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$
2.2.
$\{S_{0}^{(m)}\}$ $\{S^{(m)}\}$- $\mu=[\{a_{m}\}, \{b_{m}\}]$
$\{s_{0}^{(m)}\}-\iota 1\urcorner$ $\{b_{m}^{0}\}$ $\nu=[\{a_{m}\}, \{b_{m}^{0}\}]$ $\mu$
2.3.
$\{S_{0}^{(m)}\}$ $m,$ $A\in S^{(m)},$ $\theta\in\Omega$
$E_{\theta}[\chi_{A}(X)|S(0^{m+1}’ X])E_{\theta}=[E\theta[x_{A}(X)|s_{0}^{(m)(+1}, x]|s_{0^{m}}), x]$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$ (2.1)
2.4.
$\{S_{0}^{(m)}\}$ $\{S^{(m)}\}$- $\{a_{m}\}$
$\{s_{0}^{(m)}\}-\beta\urcorner$ $\{a_{m}^{\mathit{0}}\}$ $m,$ $\theta\in\Omega$
$E_{\theta}[\alpha_{m}(x)|S_{0}^{(m}),E\theta\alpha_{m}x)|s_{\mathit{0}}(X]=[0(m), x]$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$ (2.2)
38
2.5.
$\{s_{\mathit{0}}^{(m)}\}$ $\{s^{(m)}\}- \mathrm{U}\urcorner$ $\mu=[\{a_{m}\}, \{b_{m}\}]$
$\{s_{0}^{(m)}\}-\mathrm{D}\urcorner$ $\nu=[\{a_{m}^{0}\}, \{b_{m}^{0}\}]$ $\mu$ $\nu$
2.6.
$S_{1}$ $S_{2}$ $S$ $c,$ $d$ $-\infty\leq c<d\leq\infty$
$($&, $B_{\mathit{0}})$ 21 (i), (ii), (iii)
(i) $S_{1}\subset S_{2}$ $(S, P)$
(ii) $c\leq f\leq d$ $S_{1}$- $f(\cdot)$ $c\leq g\leq d$ S2-
$g(\cdot)$
$g(x)=f(x)$ $\mathrm{a}.\mathrm{e}.(S, P)$
(iii) (a) $B\in B_{\mathit{0}}$ $\mu(B, \cdot)$ Sl-
(b) $x\in X$ $\mu(\cdot, x)$ $B_{0}$
$B_{\mathit{0}}\cross X$ $\mu(\cdot, \cdot)$
$(\mathrm{a}’)$ $B\in B_{0}$ $\nu(B, \cdot)$ S2
$(\mathrm{b}’)$ $x\in X$ $\nu(\cdot, x)$ $B_{0}$
$B_{0}\cross X$ $\nu(:, \cdot)$ $B\in B_{\mathit{0}}$
$\nu(B, x)=\mu(B, x)$ $\mathrm{a}.\mathrm{e}.(S, P)$
2.7.
(X, $S,$ $P,$ $\{s^{(m)}\}$ ) $\{S_{0}^{(m)}\}$




$\{S_{0}^{(m)}\}$ {S(m)}- $\mu--[\{a_{m}\}, \{b_{m}\}]$
$\{S_{0}^{()}m\}- \mathrm{n}\urcorner$ $\{b_{m}^{0}\}$ $m,$ $C_{m}\in D_{m},$ $\theta\in\Omega$
$E_{\theta}[\alpha_{m}(x)bm(Cm’ x)|S_{0}(m),x]=E_{\theta}[\alpha_{m}(x)|s_{0}(m),]xb^{0}m(Cm’ X)$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$ (3.1)
.






$0$ $(m<k, m>k)$ ,
1 $(m=k)$
(32)
{S(m)}- $\{b_{m}\}$ $\mu=[\{a_{m}\}, \{b_{m}\}]$ $\{S^{(m)}\}- \text{ }$
$\{S_{0}^{(m})\}-\beta\urcorner$ $\{b_{m}^{0}\}$ $m$ ,
$C_{m}\in D_{m},$ $\theta-\in\Omega$ (3.1) $m=k$ (3.2)
$E_{\theta}[b_{k}(C_{k},x)1S_{0}(k), X]=b_{k}^{0}(C_{k}, x)$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$
21 $S_{0}^{(k)}$ $k$ $S_{0}^{(m)}$
( ). $\{S^{(m)}\}$- $\mu=[\{a_{m}\}, \{b_{m}\}]$ 21
$m=1,2,$ $\cdots$
(a) $C_{m}\in D_{m}$ $\phi_{m}(C_{m}, \cdot)$ $s_{0}^{(m)}- \mathfrak{o}\urcorner$
(b) $x\in X$ $\phi_{m}(\cdot, x)$ $D_{m}$
(c) $C_{m}\in D_{m},$ $\theta\in\Omega$
$\phi_{m}(c_{m}, x)=E_{\theta}[\alpha_{m}(x)bm(c_{m},.X)|s^{()}0^{m}’ x]$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$ (3.3)
\mbox{\boldmath $\phi$}m $m,$ $C_{m}\in D_{m}$
$b_{m}^{\mathit{0}}(C_{m}, X)=\{$




\mbox{\boldmath $\pi$}m $D_{m}$ $\{b_{m}^{0}\}$ $\{S_{0}^{()}m\}-\text{ }$
$m,$ $C_{m}\in D_{m},$ $\theta\in\Omega$ S-P\theta -
$E_{\theta}[\alpha_{m}(x)|S^{(}0’ X]m)b\mathit{0}(mc_{m}, x)$
$=\phi_{m}(D_{m},x)b_{m}^{0}(c_{m}, x)$ [ $(3.3)$ $C_{m}=D_{m}$ ]
$=\phi_{m}(C_{m},x)$ [ $(3.4)$ ]




$[\{a_{m}\}, \{b_{m}\}]$ $\{S_{0^{m}}^{()}\}-\iota\urcorner 1$ $\nu=[\{a_{m}^{0}\}, \{b_{m}^{0}\}]$ $m$ ,
$C_{m}\in D_{m},$ $\theta\in\Omega$
$E_{\theta}[\alpha_{m}(X)bm(C_{m}, X)|s_{0^{m}}(),]X=E\theta[\alpha_{m}^{0}(X)|S(m)]0’ xb^{0}m(c_{m}, x)$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$ (3.5)
.




( ). $\{S^{(m)}\}$- $\mu=[\{a_{m}\}, \{b_{m}\}]$ $\{S_{0}^{(m)}\}$
31 $\{S_{0}^{(m)}\}$ - $\{b_{m}^{0}\}$ $m,$ $C_{m}\in D_{m}$ ,
$\theta\in\Omega$








(X, $S,$ $P,$ $\{s^{(m)}\}$) 17
$\{S_{*}^{(m)}\}$ $P=\{P_{\theta} ; \theta\in\Omega\}$ \mbox{\boldmath $\sigma$}
$\{S_{\mathit{0}}^{(m)}\}$ $\{S^{(m)}\}-\mathfrak{k}1\urcorner$
$\mu=[\{a_{m}\}, \{b_{m}\}]$ $\{s_{\mathit{0}}^{(m)}\}- \mathrm{D}\urcorner$ $\nu=[\{a_{m}^{0}\}, \{b_{m}^{0}\}]$
$m,$ $C_{m}\in D_{m},$
$\theta\in\Omega$
$E_{\theta}[\alpha_{m}(X)b_{m}(c_{m}, X)|s_{*}(m),]x=E\theta[\alpha_{m}^{0}(x)|S_{*}(m),]xb_{m}^{0}(o_{m}, x)$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$ (3.8)
.















1 $(a\in C_{k})$ ,
$0$ $(a\not\in C_{k})$ ,
$\delta(C_{k})=\{$





$\mu=[\{a_{m}\}, \{b_{m}\}]$ $\{S_{0}^{(m)}\}-\beta\urcorner$ $\nu=[\{a_{m}^{\mathit{0}}\}, \{b_{m}^{0}\}]$
$m$ , $Cm\in D_{m},$ $\theta\in\Omega$ $(3.8)$ $(3.8)$
$C_{m}=D_{m}$ $(3.9)$
$E_{\theta}[\alpha_{k}^{0}(x)|S^{()}kx]*’=1$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$ (3.11)
42
$C_{k}\in D_{k}$ (3.10) $b_{k}(C_{k}, x)$ $S_{*}^{(m)_{-}}\beta\urcorner$
$\gamma(C_{k})\chi_{A}(X)+\delta(c_{k})(1-xA(x))=b_{k}^{0}(Ck, x)$ $\mathrm{a}.\mathrm{e}.(S, P)$
$C_{k}=\{a\}$
$\chi_{A}(x)=b^{0}k(\{a\}, x)$ $\mathrm{a}.\mathrm{e}.(S, P)$ (3.12)
$A_{\mathit{0}}=\{x\in X:b_{k}^{0}(\{a\}, x)=1\}$ $A_{\mathit{0}}\in S_{\mathit{0}}^{(k)}$ (3.12)
$\theta\in\Omega$
$P_{\theta}(A\ominus A_{0)=0}$
$A\in S_{*}^{(k)}$ $S_{*}^{(k)}\subset S_{0}^{(k)}(S, P)$ $S_{*}^{(k)}$
$P$ $S^{(k)}$
$k$ $\{S_{0}^{(m)}\}$
( ). $\{S^{(m)}\}$- $\mu=[\{a_{m}\}, \{b_{m}\}]$ $\{S_{*}^{(m)}\}$
32 $\{S_{*}^{(m)}\}-\beta\urcorner$ $\nu_{*}=[\{a_{m}^{*}\}, \{b_{m}^{*}\}]$
$m,$ $C_{m}\in D_{m},$ $\theta\in\Omega$
$E_{\theta}[\alpha_{m}(x)bm(c_{m}, x)|S_{*}^{(}m), x]=E_{\theta}[\alpha_{m}(*x)|s_{*}(m),]Xb_{m}^{*}(Cm’ x)$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$ ’(3.13)
$\{s_{*}^{(m)}\}$ $\{S_{0}^{(m)}\}$ $m=1,2,$ $\cdots$
$s_{*}^{(m)}\subset s_{0}^{(m})(S, P)$
26 (ii) $\{S_{0}^{(m)}\}$- $m=1,2,$ $\cdots$
$0\leq a_{m}^{\mathit{0}}(X)\leq 1$ ,
$a_{m}^{*}(x)=a_{m}^{0}(x)$ $\mathrm{a}.\mathrm{e}.(S, P)$
$m=1,2,$ $\cdots$
$\alpha_{m}^{*}(x)=\alpha_{m}^{0}(x)$ $\mathrm{a}.\mathrm{e}.(S, P)$ (3.14)
26 (iii) $\{S_{\mathit{0}}^{(m)}\}-\beta\urcorner$ $\{b_{m}^{0}\}$
$m=1,2,$ $\cdots,$ $C_{m}\in D_{m}$
$b_{m}^{0}(Cm’ x)=b_{m}^{*}(C_{m}, x)$ $\mathrm{a}.\mathrm{e}.(S, P)$ (3.15)
43
(3.14), (3.15) $m,$ $C_{m}\in D_{m},$ $\theta\in\Omega$
$E_{\theta}[\alpha_{m}(*X)|S_{*}(m),]Xb_{m}^{*}(Cm’ x)=E\theta[\alpha_{m}(0X)|S_{*}(m),]xb_{m}^{0}(c_{m},x)$ $\mathrm{a}.\mathrm{e}.\langle S,$ $P_{\theta}$ ) (3.16)
(3.13), (3.16) (3.8)




21 3.1 {S(m)}- $\mu=[\{a_{m}\}, \{b_{m}\}]$ 1
$\mu$
$\mathrm{t}_{S_{\mathit{0}}^{(m)}}$ } $-\beta\urcorner$ $\nu=[\{a_{m}\}, \{b_{m}^{0}\}]$
31 $(3.1)$ , $m,$ $C_{m}\in D_{m},$ $\theta\in\Omega$
$E_{\theta}[\alpha_{m}(x)bm(C_{m}, x)|s^{(}0^{m}’ X])=E\theta[\alpha_{m}(X)|S_{0}(m),]xb_{m}(0C_{m}, x)$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta})$
$\{s_{0}^{(m)}\}-\beta\urcorner$ $\nu=[\{a_{m}\}, \{b_{m}^{0}\}]$
4.1.
$X=\{1,2,3\}$ $m=1,2,$ $\cdots$ $S^{(m)}=2^{X},$ $D_{m}=R^{1},$ $D_{m}=B(R^{1})$ ,







8 $\text{ }\langle_{0}(1.1)X\text{ }$
$\alpha_{m}(x)=\{$








1 $(a\in C_{k})$ ,
$0$ $(a\not\in C_{k})$ ,
$\delta(C_{k})=\{$



























$0$ $(m\neq k)$ ,
$\frac{1}{2}\gamma(c_{k})+\frac{1}{2}\delta(Ck)$ $(m=k)$
45
$m,$ $\theta_{i}(i\cdot=1,2),$ $C_{m}\in B(R^{1})$
$\int_{x^{\alpha_{m}(X}})b_{m}(C_{m}, x)P\theta_{i}(dx)=\int_{\mathrm{x}^{\alpha_{m}()b_{m}^{0}}}X(c_{m}, X)P\theta.\cdot(dX)$
$\mu=[\{a_{m}\}, \{b_{m}\}]$ $\nu=[\{a_{m}\}, \{b_{m}^{0}\}]$
$m,$ $\theta_{i}(i=1,2),$ $C_{m}\in B(R^{1})$
$E_{\theta}.\cdot[\alpha_{m}(x)bm(c_{m}, X)|S^{(}0^{m)}’ x\iota=E_{\theta_{*}}.[\alpha_{m}(X)|S_{\mathit{0}}(m),]xb_{m}^{1}(Cm’ x)$
$\mathrm{a}.\mathrm{e}.(s, P_{\theta}.\cdot)$ (4.1)
$\{S_{\mathit{0}}^{(m)}\}$- $\{b_{m}^{1}\}$ (4.1) $\{s_{0}^{(m)}\}-\beta\urcorner$
$\{b_{m}^{1}\}$ $k$
$E_{\theta}\dot{.}[b_{k}(C_{k}, X)|s^{()}0^{k}’ x]=b_{k}^{1}(C_{k}, x)$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta_{i}})$ (42)




$\int_{\{1,3\}}b1k(Ck,x)P\theta_{1}(dX)$ $=$ $\frac{1}{2}f(C_{k})$ ,




$\int_{\{1,3\}}b1k(Ck, x)P\theta_{2}(dX)$ $=$ $\frac{7}{12}f(C_{k})$ ,






(4.3), (4.4) $\gamma(c_{k})=\delta(-c_{k})$ $\gamma(C_{k})\neq\delta(C_{k})$








3.2 (3.5), $m,$ $C_{m}\in D_{m},$ $\theta\in\Omega$




$X,$ $S^{(m)},$ $D_{m},$ $D_{m},$ $S_{0}^{(m)}$ 4.1 $P=\{P_{\theta_{i}} ; i=1,2\}$
$P_{\theta_{1}}(\{1\})=1/3,$ $P_{\theta_{1}}(\{2\})=1/3,$ $P_{\theta_{1}}(\{3\})=1/3$ ,
$P_{\theta_{2}}(\{1\})=1/4,$ $P_{\theta_{2}}(\{2\})=1/4,$ $P_{\theta_{2}}(\{3\})=1/2$






\mbox{\boldmath $\pi$}m $B(R^{1})$ (1.1)
$\alpha_{m}(x)=\{$
$0$ $(m<k, m>k+1)$ ,
$\chi\{1\}(X)$ $(m=k)$ ,
$1-\chi\{1\}(_{X)=}x\{2,3\}(X)$ $(m=k+1)$























$\int_{x^{\alpha_{k+1}}}(x)b_{k}+1(ck+1, x)P\theta_{i}(dX)$ $=$ $\int_{x^{x\{\}()(c)}}2,3x\pi k+1k+1P\theta:(dX)$
$=\pi_{k+1}(C_{k+1})P_{\theta}i(\{2,3\})=\{$
$\frac{2}{3}\pi_{k+1}(c_{k+1})$ $(i=l)$ ,
$\frac{3}{4}\pi_{k++}1_{\backslash }^{\prime c}k1)$ $(i=2)$ ,





$J_{x^{\alpha_{m}()b_{m}}}X(Cm’ X)P \theta\dot{.}(dX)=\int_{x^{\alpha_{m}^{0}(X}})b0(C_{m}, x)P\theta_{i}m(dx)=0(i=1,2)$
$m,$ $\theta_{i}(i=1,2),$ $cm\in B(R^{1})$
$\int_{x^{\alpha_{m}(x}})bm(c_{m}, x)P_{\theta}(id_{X)}=\int_{x^{\alpha_{m}^{0}}}(x)b_{m}^{0}(Cm’ X)P_{\theta_{i}}(dX)$
$\mu=[\{a_{m}\}, \{b_{m}\}]$ $\nu=[\{a_{m}^{0}\}, \{b_{m}^{0}\}]$
$m,$ $\theta_{i}(i=1,2),$ $C_{m}\in B(R^{1})$
$E_{\theta}.\cdot[\alpha_{m}(x)bm(c_{m}, X)|s^{()}0^{m}’ x]=E_{\theta}.\cdot[\alpha_{m}(1x)|S^{(}0’ X]m)b_{m}1(C_{m}, X)$ $\mathrm{a}.\mathrm{e}.(S, P_{\theta}.\cdot)$ (4.5)
$\{s_{0}^{(m)}\}-\beta\urcorner$ $\nu_{1}=[\{a_{m}^{1}\}, \{b_{m}^{1}\}]$ (4.1)
$\{S_{0}^{(m)}\}-\beta\urcorner$ $\nu_{1}=[\{a_{m}^{1}\}, \{b_{m}^{1}\}]$ (4.5) $C_{m}=R^{1}$









$\int_{\{1,3\}}E_{\theta}\dot{.}[x\{1\}(x)|S_{0}^{()}, X]kP_{\theta}i(dX)$ $=$ $P_{\theta_{i}}(\{1\})$ ,
.





$\int_{\{2\}}E_{\theta_{i}}[\chi_{\{}11(x)|S^{(}0’ X]k)P_{\theta}(:)dX$ $=$ $0$ ,




$P_{\theta_{i}}(\{2\})\neq 0(i=1,2)$ $B=0$ (4.7)
(i) $i=1$ $\frac{1}{3}=\frac{2}{3}A$ $A= \frac{1}{2}$ ,
(ii) $i=2$ $\frac{1}{4}=\frac{3}{4}A$ $A= \frac{1}{3}$
(4.5) $\{S_{0}^{(m)}\}-\beta\urcorner$ $\nu_{1}=[\{a_{m}^{1}\}, \{b_{m}^{1}\}]$
$S_{0}^{(m)}=s_{\mathit{0}}^{(m+}1$
)
$\subset S^{(m)}.\text{ _{ _{ }} _{ }}$ $m,$
$B\in S_{\mathit{0}}^{(m+1)},$ $\theta_{i}(i=1,2)$
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